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SUMMARY

Dry-cocling subesystoms for restdential solar powered Rankine compression
atre condittoners have been cconomiteally optimized and comparved with the cost of a
weot cooling tower,  Results in terms of vearly incremental busbar cost due to the
use of deyvocooling have been presented tor Philadelphia and Miami. With input
data covvesponding to local weathoer, energy vate and capttal costs, condenser suv
face destgns and performance, the computerized optimization program vields de

sign spectfications of the sub-system which has the lowest annual incvemental cost

INTRODUCTION

Afr condittoners veject waste heat to the envivonment through evaporative (wet)
cooling towers or atr ey coolers he loss of water from the tormer to the
local atmosphere is quite extensive. A threes tons solav- powered atv conditioner
cquipped with tlat plate collectors vaporizes approximately 413 Ktlograms (91 1
¢Uwater per hour, based upon an overall coefficient of performance ot 0,606 ol
the machine During the summer months in an urban center, the addition of water
vapor o the ambiont atv is often environmentally objectionable. 1t is also known
that the increase of motsture in air causes low thermal efticiency of the collector
Furthermore, the ctvealating water is chemically treated for anti- corvoston and
anti-treesing, and the discharvge of such water for maintenance may overburden
our extsting water treatment plants in many metvopolitan areas

he devecooling system has four outstanding advantages: (o no harmtal ov
vistble pollution discharvge, () practically nuantenance free, (@) no requirement
for o owater treatment plant, and (b the elimination of make up water supply

Beeoause of these constderations, solav-deiven ate condittoners destgned tor
wide- spread vestdential atiltzation may be vequirved (o use dey cooling. 1 is
noted that the cuvvent destgn of the commercial lithiwm bromade water absorption
atr conditioners (s not suttable tov using deye cooling due to sible Liby
crvstallization in the absorber at high ambient ate temperatuves.  This problem
must be solved betore deye cooling can be adapted to the ate condittoner. - Recent
studies of solav absorption ate conditioning svstems have been concerned with
those equipped with wet-cooltng towers (refs. L and 2D In thas stady the dey
cooling is proposed tor a solar powered Rankine compression are condittoner

As compared to wet-cooling, a possible disadvantage assoctated with dry
cooling ts that the latter system vequirves higher capital and operating costs
galthough Little maimtenance cost s involved Uhe heat teansteor by ate ts much
loss etfective than by water,  In addition, the overall coetticient ot pevtormance
ol an ate condittoner equipped with nonconcentrating solav collectors s quitte low

and 1t rejects as much as twice the amouant of heat as a conventional vapor com



pression machine does. Thus, an unoptimized dry sub-system may be very costly.
The objective of this study is to economically optimize the dry-cooling sub-
system for a solar- powered Rankine- compression air conditioner. The computer-
ized program selects the best possible dry-cooling sub-system desipgn by opti-
mizing the heat transtfer and thermodynamic velations with economic trade-ofts

FCONOMIC OPTIMIZATION

The economic analysis is based on the capital and operating costs ol the solar-
powered system which incorporates the Rankine- vapor compression cooling sub-
system.  Optimization 1s based on minimizing the annual total cost inerement
between drey-cooling and woet-cooling.

Svstem Desceription

The schematie assembly of the solarv-powered Rankine-compression air con
ditioner along with its thermodynamic pressurve-enthalpy diagram for the working
fluid is shown in figure 1. Only the cooling mode of the machine is considered in
this study. Although heating can be accomplished with this system, it is not con
sidered in this veport.  The working fluid chosen is Freon-12 (R-12) This does
not rule out the use of other fluids.  The effect of the thermodynamic properties
of potential working fluids on the performance of a solav-driven heat pump has
been analyzed in reference 3. The system is designed to provide three tons of
air conditioning at temperatures of 107 ¢ 50V 1) in the evaporator and 945" ¢
(20'.3" 1) in the boiler.  The condensing temperature of the working flurd in the
air-cooled condenser is one of the four system variables which will be discussed
in a later section, A single fluid (R=12) 1s utilized for both Rankine and Com
pression eyceles for simplified equipment design, although the use of different
MMuids (one for Rankine cyele and the other lor the compression eyele) may vield
better overall efficiencies

The working fluid is vaporized by the heat supplied by the hot water from
collector or storage tank (mot shown in fig. 1), and then expands in the expander
to provide the power for both compressor and pump.  The exhaust vapor from
the expander and the compressed vapor leaving the compressor are condensed
in the aiv-cooled condenser.  An appropriate amount of the condensate 1s pumped
to the boiler for vaporization while the remaining hiquid (the two mass flow rates
are among the outputs of the design program) is adiabatically expanded through
the expansion valve to the evaporator pressure.

The thermal efficiency of the Rankine eyele, n o 18
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where

\\"_ power produced by the expander, KW (Bta h
\\"‘ power for the pamp, KW (Bta h)

Qh heat vate o the botler supphied by solar collector storage unit, KW (Bta h)
The coetficient ol performance, COP, of the compression eyvele is,
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W, cooling capacity of the atr conditioner, KW (Mt b

“l‘. power for the compressor, kW (Btu h)

With W, “'v : \\"., the overall coetticior: of performance, OCOP, is
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Fauations (1) to (3 for vavious condensing temperatures of B-12 ave plotted
in figure 2, where

l“. evaporator tempevature, % D)
I'h boiler temperature, e \"Iv'\

F».-\p expander efficiency, dimenstonloss
l-'p pump eftictency, dimoensionless

E compressor efficiency, dimensionloss
comp

Computerizod Optimization Progeam

he program tov the compule e was written to carey out the minimization of the
total annual cost increment. The same gurdelines were applied for both dev-cooling
and wet- cooling when determining svstom constraints, condittons, and the state of
the art e program assumptions, inpat data requirements, svstem vartables,
cost oquations, and procedures are outlined below

Assumptions, Ihe program assumptions are the tollowing

1. The atr conditioner performance varies with condensing temperature in

accordance with the data given in igure 2



2. The baschine solar coliectors considered hervein are sclectively co; m-d
(such as black chromer and have two glass covers which deliver 0252 kW m”™
(S0 Btu he- ﬂ?'l of heat to the boiler,

The percentages of the cooling loads in various sites are based on the data
reported in reference 4. Two cases considered hervein are 77 percent of the total
load for Philadelphia and 49 percent for Miami.

1. The atr-cooled condenser is a single pass cross-flow type with soth flulds
patre side and Freon side) inmixed.

5. The air side pressure drop across the condenser is to be kept above a
minimal value (9,76 kg'm™, or 2 Ib t~ ) in order to overcome a pressure differential
caused by wind.

6. Condenser tubes arve thin and therr thermal resistance s neghigible as com-
pared to atr film resistance

7. The fixed charge rvate ts 10,2 percent on the basis of 8 percent in‘erest on
the capital cost tor 20 yvears,

Input data. - Input data include air conditioner performance (g, 2), solar heat
collected and delivered to the botler, percentage of cooling load supplied by solar,
heat exchanger surface and its performance, minimum airv side pressure drop of
the condenser, rated cooling capacity of the air conditioner, boiler temperature,
evaporator temperaturve, weather data (temperature) of the site, properties of the
working fluid and a1, design condensing tempervature of wet-cooling svstem,
thermal efficiencies of equipment components (expander, compressor, pump, fan,
ete,), hixed charge rate, and costs of electrieity, solar collector, heat exchanger
surface, electrie motor, and fan blades.  These input pavameters can be readily
changed so as to allow the program to be quite general and adaptable to loeal
conditions,

System variables. - With the input and parameters, the thermotluid, heat
transfer and cost equations of the svstem can be written in terms of four variables
which can be varted independenily and which muast be optimized to vield the least
cost of the system

The four variables arve: @) initial temperature diffevence (1TD), which i1s de-
fined as the temperature difference between the working fluid entering the con-
denser and the ambient air, () condensing temperature of the working fluid,

() number of tube banks in the divection of air flow, and () mass velocity ratio
ol the working uid and the air,
Cost equations. - The inereased cost due to the use of dry-cooling includes

incremental capital cosy, operating cost, and penalty cost due to decreased thermal
etticiency and wdled solar equipments whenever the ambient temperature is higher
than the design condition,

The cost of the wet-cooling tower and the wet- condenser for the conventional
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system is estimated at $700. The maintenance cost of the wet-cooling system,
which might be significant, is not included in the analysis due to lack of data in the
field.

The incremental capital costs are broken down into:

1. Cost of solar collector: ¥ Clml - Ag). where (.‘l is the cost per square
foot of collector, Al the collector area required in dry-cooling and f.2 in wet-
cooling.

2, Cost of hot water st: rage tank: Yo = $0.75 u\l - Az); see reference 5,

3. Cost of condenser surface and header: Yo = CgAn- where (‘2 is the cost
per unit condenser surface area installed, and A, the condenser surface area.

4. Cost of motors for fan and pump: e anl +Py), where C, is th 2 cost
of motors for the fan and pump per horsepower, I’1 is the power required for the
fan and P, the power for the pump.

5. Co;t of fan blades: Y5 = C-IA-I' where C4 is the cost of fan blades per unit
area covered, and A4 is th irontal area of the condenser,

Thus, the annual total incremental capita! cost, Yor 18

Yo = Uy *¥p tyg +yy *yg- 100, @)

whevre fc is the fixed charge rate or capital- recovery factor,
The operating cost is for electricity to power the fan and is computed by

¥, = C5KH (5)

where C5 is the electricity cost per KWh, K the power for the fan, and U the
total operating hours of the fan per year.

When the ambient air temperature is higher than design temperature, the
thermal efficiency decreases. To meet the designed cooling load, conventional
energy (electricity) is required to make up the deficit. The cost, Yor 18 the
electrical energy penalty cost. Also, the decrease in capacity due to higher am-
bient air temperatures penalizes capital investment because of the partially or
entirely idled solar collector-storage unit. The capacity penalty cost, Vs is
computed on the basis of yearly lost capacity of the solar unit.

Thus, the yearly incremental cost of the solar-powered Rankine-compression
air conditioner with dry-cooling is

YRYo t9s t Vet Ny ()

Procedures., - The procedure is to minimize the annual towal cost of the
system for using dry-cooling for given values of condensing temperature of the
working fluid and compare costs. The minimization method applied herein is
Rosenbrock's constrained hill climbing procedure (ref. 6). Four constraints are
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imposed on the system: (@) alr wolocity 1s to be kept below 45,7 m/sec (150 ft/sec),
(b) condensing temperature is 1a the range of 37,87 ¢ (100" ¥) and 51.4° ¢ 130" ¥),
(©) the minimum allowable air pressure drop across the condenser is 9,76 kg "mg

(2 lb,-"ﬂ"!). and (@) the lower bound and upper bound of the mass velocity ratio of
entering vapor and air are functions of number of tube banks, air velocity, and

alr side pressure drop.

Once the dry-cooling system har been desigeed for a given I'TD, its performance
is evaluated at ambient aiv temperatures representative of local yvearly fluctuations,
For this design I'TD, a fixed air-cooled condenser size, fan and pump power are
assumed.  Thus, when the condensing temperature is higher than the design value
due to high ambient air temperature, the cost of both energy and capacity penalties
is then computed for this ambient temperature and multiplied by the percent of the
vear this temperature is experienced at the site,

The output of the program is the annual total incremental cost (between dry
cooling and wet-cooling), the design I'TD, number of tube banks, condenser size,
mass low rates of working fluid and aiv, and other optimum des'gn specifications.

The Now diagrams of the computer design program is displayed in appendix A,
The inpat data requirement, notation and listing of the program arve presented in
gppendix B, A sample design output for use in Philadelphia is given in appendix C.

RESULTS AND DISCUSSION

Figures 3(a) and (b) shows the annual incremental cost due to the use of dry-
cooling in Philadelphia and Miami for using two different condenser surfaces, which
are taken from rvefervence 7. durfaces A and B respectively refer to figures 10-83
and 10-84 in that reference.

The curves along with the values shown indicate the percentage of cooling load
supplied by solar energy.  For a large condenser (small I'TD), the capital and
operating incremental costs are high, but little or no cooling capacity is lost (thus
little or no energy and capital penalty cost is involved) at high ambient air temper-
atures. To meet the same percentages of the yearly cooling load (49 percent for
Miami and 77 percent for Philadelphia when a wet- cooling system is used), the
incremental cost for adapting a dry-cooling system is quite high,

It is noted that each point on the curve is a minimal optimum point corrve-
sponding to that design I'TD, and hence the true optimum for the dry-cooling sub-
system is that design ITD which y'olds the least cost,  Fach point also identifies
the percentage of the cooling load provided by solar energy. Since therve is a
unique value of solar percentage for each point along the curve, the curve can be
interpreted on the basis of solar percentage of the cooling load as well as the
I'TD. The curves are fairly smooth and consistent except a few points which



fluctuate along the curves, This is believed to be the consequence of gpecific
design requirements guch as the number of tube banks having to be an integer and
the imposed allowable minimum air pressure drop across the condenser,

The curves in figure 3(a) and (b) result in definite minimum value: of the cost
increment, In all cases, the cost increment is quite sensitive to the solar per-
centage of the cooling load - particularly that portion of the curve with solar per-
centages higher than at the minimum cost point, For surface A under Miami con-
ditions, the cost increment is approxim:tely 200 percent greater for a decrease in
solar percentage of 3 percent.  Although the cost increment also rises as the
solar percentage drops below the optimum point, it increases only approximately
15 percent for solar percentare decrease of 8 percent, Results are similar for
the other 3 cages.

The significance of the condenser surface design is seen by a comparison at
the optimum points. Use of surface B would cost 850 per vear more compared
to surface A, to meet 73 percent of the cooling load in Philadelphia.

Figure 4 illustrates the itemized annual incremental cost for using a dry-cooling
syvstem in Philadelphia.  The coatributions of capital, operating, and penalty
costs to the total incremental cost ave clearly shown. The shaded arvea indicates
the capital savings at those design I'TD's corresponding to relatively small con-
densers.  Figure 5 shows the effect of number of tube banks on the incremental
cost. The dashed lines are used to indicate only the general trend since the
number of tube banks must be an integer.

The highlight of the optimum design specifications for Philadelphia and
Miami is tabulated in Table 1. The breakdown of costs is also given therein. A
sample output of the design program is given in appendix C.

SUMMARY OF RESULTS

An optimum design procedure has been developed to estimate the annual in-
cremental cost for a three-ton solar-powered Rankine compression air con-
ditioner equipped with a dry-cooling condenser over that with a wet-cooling
tower. Conclusions may be made as follows:

1. The sensitivity of the cost increment between the two cooling systems
illustrates the need for an optimization progra'n when considering a dry-cooling
solar system.

2. Within the conditions and guidelines stated within the report, it was con-
cluded that -

a. The cost increment was significantly higher (a greater penalty) when
values of solar percentage of the cooling load (an input parameter) was greater
than at the optimum point compared to when the values were smaller than optimum.




b, Deyvecooling s economically competitive with conventional wet- cooling
whenever the maintenance cost of the latter (which is ignoved in this study) (s in
the vange of 100 to £200 per year, or greater,

¢, The optimization progyvam has proved to be adaptable to varvious locales
and design roequiremoents,

3. The deyveocooling solar system, which eliminates water vapor in the at-
mosphere, offers a better envivonment with a slightly higher or no additional cost
as compared to the wet cooling tower system,

some stgnificant rematning problems or questions are as follows

1. Absorption atr condittoning has not vet been constdered in a dey cooling sys
tem due to the crvstallization of the working flatd at high ambient temperatures
If this problem can be addressed and solved, the beneflits of dey cooling woald
be applicable for such units

2. Matntenance cost for water treatment of the wet-cooling tower used for
solav-driven residential atr conditioners,

3, Cost of heat exchangers for vejecting waste heat to ambient alv, as ve
quired by dey cooling.



APPENDIX A
FLOW D!/ JRAMS

Flow Diagram of Subroutine calling

MAIN

START

OPTIM

MAIL Main program.

START Finds starting values of variables such that they satisfy both the explicit
and implicit constraints and do not lie within any boundary zone.

OPTIM  Seeks minimum by means of constrained Rosenbrock method.

F Objective function of the total yearly bus-bar costs.
CX Constraint functions.
CcG Lower bounds of CX.

CH Upper bounds of CX.
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Subroutine Start

PICK NOB, AITIE! FROM
MAIN PROGRAM

{

COMPUTE GA SATISEYING DEL A
DETEFRMINE BOUNDS OF GRAR

t

COMPUTE STARTING GRAR &
'R = 100

RETURN

'ND
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Main Program

Baseline design of wet
cooling system; e
centage of cooling supplied
by solar: Thermal effi
ciency of rankine evele,

COPr, Overall Cop,

READ DATA < Weather, Costs, Heat
exchanger surtace, Mini
l Mum Qaiy pressure IWross

heat exchanger;, F i
1 1. 11 eat exchanger, Flui

woperties, Thermal
}

cliiciencies o component s,
‘ el

NOB 1. 10

CALL START

CALL OPTIM

PRINT RESUL

Use the controller K2 to reduce the increment
of 1'TD to one and compute results near prion

minimum obtained from a particular 1
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Function F

PICK DATA FROM OPTIM

1

THERMOFLUID CALCULATION
COST CALCULATION

i

CALCULATE T'ERFORMANCES
AFFECTED BY LOCAL WEATHER

{

CALCULATE YEARLY BUS-BAR COST F

TN py R W SN T RETPE TR ETLRETYT TNAATT S TS ) e e s

!

RETURN

1

END




Function OCN

CALCULATE CONSTRAIN
FUNCTIONS, t‘\l. i=123..

1
RETURN

FND

Function G

Find LOWER BOUNDS

OFr CX
RETURN
FND

I'unction O

Find UP'PER BOUNDS

OF CX

RETURN

END




Al'TD

AKA
AKRL
ALPHA

AMUA
AMURG
AMURL
Cl-C2
C3 - OH
C6 - C8
9 - C11
Cl2 - C13

Cld - C1H

cle - C17
C18 - €20
C21 - C23
COSEM
COsEDB
CPA
CPRL
CTPEA
COSP'W
COsTC

DEQ
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APPENDIN B
PROGRAM INPUT DATA, NOTATION, AND LISTING
Input Data
Initial temperature difference demperature difference between the
condensing R-12 and the ambient airv), (1)
Thermal conductivity of air (Btu/hr-ft- 1)

Thermal conduetivity of liquid R=12 (Btu/hre-ft- 1)

Ratio of total transfer area of airv-side of heat exchanger to total
exchanger volume

Dynamic viscosity of air (b hre-[t)

Dynamic viscosity of R-12 vapor (Ib/he-(t)

Dynamic viscosity of liquid R-12 (Ib/hr-ft)
Coefficients of curve fit for Rankine cyele efficiency
Coelficients of curve fit for compression cyele COP
Coefficients of curve fit for enthalpy «f R-12 vapor
Coef” cients of curve fit for enthalpy of R-12 liguid
Coeflicients of curve it saturation pressure of R-12

Curve fit cons.mts for dimensionless heat transfer coefficients for
heat exchanger surface

Curve fit constants for friction factor for heat exchanger surface

Coeffictents of curve fit for specific volume of R-12 liquid

Coefficients of ceorve fit for specific volume of R-12 vapor

Cost of electrie motor (3 1 1)

Fan blade cost per area covered (8 I't:\

spectfic heat of air (Btu/1b- 1)

Specifie heat of hiquid R-12 (Btu/ b= 1)

Cost of cooling tower per unit total arvea of exchanger (8 l'!.")

Cost of electricity 3/ KWI)

Cost of solar collector (% “'_3)

Hydraulic diameter = 4 x flow passage hydraulic radius (1)
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DITCH Number of fins per foot (fins/ft)
EFFAN Fan efficiency

EFp Pump efficiency

FCR Fixed-charge rate (percent/100)

FERC Recoverable energy factor for moving air (percent/100)
FTHK Fin thickness of exchanger (ft)

oD Tube diameter of heat exchanger (ft)

PAI Entoring pressure of air (1‘-/1"2)

PERSS Percentage of cooling load supplied by solar

PRA Prandt! number of air

PRRL Prandtl number of liquid R-12

QE Cooling capacity of the unit (Btw/hr)

RFATA Ratio of fin area to total are of the air side of exchanger

RHOA Density of air (lb/ft?')

RHOR Density of liquid R-12 (Ib/ft")

SIGMA Ratio of free-flow to irontal area of air side of exchanger

SLF Fin height of exchanger (ft)

TAIL) Ambient air temperatures used in evaluating dry-cooling tower

performances (I)

T™CB Condensing temperature of R-12 of baseline design wet cooling syvstem (I7)
TEDB Fluid temperature in the evaporator (F)

TINXB Temperature of fluid entering the expander (F)

TKF Thermal conducitivity of fin material of exchanger (Btu/hr-ft- 1)

TPERL1(}) Fraction of year TAIL(I) experienced

VADF Velocity of air delivered by fan (ft/sec)
XD Longitudinal tube spacing (depth pitch) of exchanger (ft)
Xw Transverse tube spacing (width pitch) of exchanger (ft)

WETC Cost of wet-cooling tower and "wet-condensers' (3)
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Notation
A Tota! heat transfer area of air-side of heat exchanger “'2“
ACCL Annual penalty capital and operating costs due to ambient air temper-
atures above design temperature (8/yr)
ACOS Total annual bus-bar cost of the system (8/yr)
ACPC Anpaal penalty capital cost due to ambient air temperatures bove

design temperature (8/yr)

AEPC Annusl penalty operating cost due to smbient air temperatures above
design temperature (8/yn

9
AI'R Frontal area of heat exchanger (ft7)

ALMTD Log-mean temperature difference (1)

ALT Tube length of exchanger (ft)

AMC Mass flow rate of B-12 in the compression cyele (Ib hr)
AMP Mass flow rate of R-12 in the Rankine eyele (Ib/hr)
ANTU Number of transfer unit of exchanger

ATUDB Total area of tubes of exchanger (“2)

cop Coefficient of performance of compression cyele

DA General storage vector

DELPA Air pressure drop across echanger (lh/ft2)

b}
DELPR R-12 pressure drop inside tube (Ib/ft™)
DELTA Temperature increase ol air across exchanger (1)

DELY Difference between current value and previous stage value of objective
function ($/yr)

DEDP Depth of exchanger (It)

E Vector of initial step sizes

EFF IFin efficiency of exchanger (percent/100)

0 O O Thermal efficiency of the Rankine eyele (percent/100)
EFZ Temperature effectiveness of exchanger fin (percent/100)
EPSs Heat exchanger effectiveness (percent/100)

FAIR Friction factor of air across exchanger

'R Friction factor of R-12 flowing inside of tube



GA

uM
GRAR
HA
HPA
HIR
HR

N

L
LOCA
Loopry
M

N

\ND
NDATA
NHNS
NOnB
NPAR
NSTER

acop
OLHN
OWHN
P
PERW
PRRW
I'R
QB

Qun

I8

Mass veloeity of atr (Ib 'hy ftzl

Mean mass velocity of R-12 vapor (Ib hre l’l:\

Mass veloetty vatio of vapor R-12 to air

Moean aiv-{ilm conductance of o finned exchanger (Bta Iu'-ﬁ.". I
Fan power for afr (11

Pump power for R-12 (1M

Mean R-12 film conductance in a pipe (Btu hre t’l:r )

Point index

Number of vartables plus number of constraints

Number used to identify weather st tion

Maximum number of stages to be o alealated

Optimization controller, +1 for maximization, -1 for minimization
Dimenston Hmit in subtunctions F, CN, CG and CH

Storage controller, 1 (or storage in DA, O for no storage
Number of data points to be storved in DA

Number used to identify heat exchanger surtace

Number of tube banks parvallel to divection of air flow
Dimension Limit in subfunctions ', CN, CG, and CH

Control of step sizes tor cach rotation, O for oviginal step stze, |1

for step stee from previous votation of axes
Overall coefficient of pertormance of the atr conditioner ¢ FEFP ~ COM
Overall length of the air-cooled condenser (10
Overall width of the atr cooled condenser ()
Numbor of variables
Fan power for atr (kW)
Pump power for R-12 (KW
Printing controller (number of stages between outputs)
Solav energy collected by the collector (Bta h

Solar energy collected by the collector for the baseline design unit
(Bt h



QRC
QR
WRPe
REA
RER
RTAIA

UITA

v

VA

Vol

VRl

WA
woeomp
WeENP
wptne
Wi

\

N\l
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Heat rejection from the compression evele (Btu h

Heat rejection through the atr-cooled condenser (Bt hr)

Heat rejection from the Rankine cyele (Btu hr)

Reynolds number of air flow

Reyvnolds number of B-12 {low

Ratio of aiv-side area to R-12 side area of exchanger

Fraction of cooling load supplied by solar energy

Product of Stanton number and Prandt]l number to the 2783 power
Specitic volume of R-12 vapor l.ﬂ:‘ 1

Specifie volume of hiquid R-12 tﬂ:‘ 1

Temeerature of atr enterving the condenser (19

Tomperature of air leaving the condenser (1)

Design condensing temperature of R-12 (1)

Overall heat teansfer coefficient based on air-side avea (Btu hre- t't""~ 3]
Oy creall heat transfer coeflficient based on R-12 side avea (Btu hre- fl.'!— )
Dirvection vector

Atr velocity (It seo)

Volume of heat exchanger \l'l:‘\

Velocity of R-12 vapor eatering the condenser (U sec)

Mass flow rate of air (I1b h

Power required by the compressor (Btu hr

Power generated by the expander (Btu hr)

Power required by the pamp (HI)

Total mass flow rate of R-12 (b hn

Independent variables

Arvea of solar collector ll't."'\

Total annual bus-bar capital cost (3/vr)

Capital cost of solar collector and storage tank ()

Capital cost of aiv-cooled condensoer (8)

Capital cost of electric motors (8
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Yo Capital cost of fan blades ($)
YOO YC + YO

YO Annual bus-bar operating cost 8/ yr)
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APPENDIX ©

SAMPLE OF PROGRAM OUTPUT

ORIGINAL l‘:\lil-‘.' 1>
OF POOR QUALITY

SP00000 9000009000000 0000000 RRRRRER RN PIRRRRRRIRRRIPTRRPIRIEOITOPIRITRTS

¢
L ]

OPTIMUM ORY COOLING SYSTEMS FOR A SOLAR AIR CONDITIONLR .

- — ———

HAIN PROGRAM

DIMENSTION DITCLIS)oUAGTO N R ECS) oXXNE 30 1CE2) 20700 qumlbH))

0000090000000 E0ReRI PR dR Pt PR ettt it ettt dedoede

COMMON ACP AL TD JAKAGAKRL JALPHA AMUA, AMURG o AMURL oCloC24C34C4,
ICS 4 ChaC7eCBaCSeCl0oC 11 JChdeCll 0l C1%,Clb4CLT,C1B8,C19,C20,
2C?I.C??.C?S.COPH.COS[P.CO&IP.COSFU.COS!C.CPA.(PR&,ClPll.nla.
JDITCHLEFFANGLFFPE gt F PoF CRoFEFC oF THK HYR JKOUNT 0D P2,PALPRA,
QPREL 4O fQPB yRhFATAGKHCE qRHUR JRTATAGSTOMALSLE o TALLE1S) 4 1CRGTER,

STINYXEQTKF oTPERLI IS Do VADF ol TC o XD o XM o X2 oHb oPERSS o2 1

INTEGER X7

READ (5,000) Qf +1CBe TINXBSTIED

READ (5 ,9001) AMUAJAKA,CPALPRALRHOA RHOR
READ (5,C02) (TALIL(I),121,%)

READ (5,002) CPRLAMUFL JAMURG AKKL JPRRL
READ (5,002) COSTIC oCIVEALLOSEM ,COSFH FCR
READ (S,0020 VALK oPALLFPFLRC JEFF AN

READ (540030 LOCAGUTIPERTICLD J121,5)

READ (5 ,008) NHXS 0D oFF ATADIQoSIOMA ALPHA G XN
READ (5,004 NHXYS XD oF THR QDT TCH GTRF oSLF ¢HYR
READ 15,0050 CleaC2eC3,Cu,lh

READ (5,006 Co,C7,CE,C9,L10,C11,C12,C13 ‘ —

READ (5,007) Clu Clh.C164C17

READ (5,208) CIB,C19,020,0L21,622,C23
READ 15 ,009.,E80-999) WETCCOLSPY PERSS
FORMAT (F 10e303F10e4)

FORMAT (SF10D.4)

FORMAT (1545F%a2) S i
FORMAT (11046F 105D

FORMAY (“Fl0ab)

FORMAT (EF)10.4)

FORMAT (4F10.4)

FORMAT tF 105 o2F20el %o Fluab)

FORMAT (3F10.2)

FORMAY t6F104)

NDATRAZSD
Z1IZTPERICIDNCIPERI(2I*TIPFRICIICTIPERIIUICTIPERDILYS)
PRZEXPLCI2*CI3/ZCTIINXBehoUL))
HO-COLeCToTEReCBOIE B TER

1RZTCE

EFFPZCLleC20IR

COP-CIeCyrIReCHOTIROTIR

OCOPZEFFPeCOP

QRB=QE/0COP

ACRZQURB /B0,

DACSIY=Dq neqleC Y

DACESYZ Gl a=FIHKODT ICHIZ LY, -REATAD
DACERDIZDLOLOL THSOCPRL/SCRIMPRPLY*CAMURGZODI 00, )
DALY G /03141600000



"N

aOn

DALeBYZD,
DACATIZNE 1o N0 o0 eDLCOLAMUA/DLON®OCIT/Z(CLIbOXD)
DAETOI =M /(2. 0CIT)
RYIALA-DALE})
DITERN=10.

00 200 110=1,10

DITCIIOSLI-0LTELIT0 105.0
200 CONTINUE

090 CALCULATL MAX, AND MIN, MASS FLOW RATL WR oee

1cen=1no. SSE= e == — S ———

1C12):130.
D0 102 wol,2
TRZTICIN)
EFFP-CLeL20TIR
COP-CleCueIR+(CSeTROIR
OCOPZLFFPeCOP — ——
QBR:=QL/0CcOP
CRP=tle~LFFPYOQR
HGZCOL*CToTReCRO IR IR
HFZC9eCI10eTRe7 1 T ke IR
AMPZQRP ZUMG=KF )
AMCZQFE 7 (HE -HE )
WRZAMPeAM(
DAt etD ) UR

102 CONTIMNUE
MRITECO U0 ) QE«TCho VINNBGIER
NRITELG (900 AMUAGAKA ,CPALPRALRHOA JRHOR
NRITEMSE,U02) (TALL L1 ) 121,50
WRITE (G 40020 CPRL GAMUPL JAMURG 4ARKL PRRL
MRITECS ,002) COSTC LCTIPEALCOSEM COSHR F CR
NRITEUO,002) VADF oPA Lol FP JFERC 4EFF AN
BRITELGLC03) LOCALITPERIEI,121,5)
WRITEEH U0 Y NHXS GO0 oFFATA G DECSIOMA ALPHA X
WRITE(GO oUDE) NHXS XD oF THR DT TCHGIRE SLF gHYR
MRITECEAO,005) C1,C2,C3,04,C5
NRITETGL06) ChHaCT oCBoCo9,CI10,C11,C124C)3
NRITECE«O0T) ClaCl1h 016,017
WRITLIG,OU8) CIRLCI9C204Ll1,022,C28
VRITEIGLU09) WETL (4COSPW JPLRES
WRITE (o 30000 DALOII,DAL02)DALOT)DALLE)DAE6Y) JDALKG) JDALLTY,
10452

3000 FORMAT (BE12.%7)
KZ2:z1
00 100 Iz1,11}
ALTDZDITCT)

118 DO 110 NOPZ1410
DAC2)ENOR

FIND STARTING VALUES WITHIN CONSTIRAINTS

CALL START (Xx4,DAD

GO 10 (U020 4Xx2 - - i
31 tEcrr=y.%

tce2y-2.0

DO 101 JZT,NDATA
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ORIGINAL PAGE I+
. OF POOR QUALITY

DACII=OD 0
101 CONTINUL
CALL OPTIMINXLE LDA)
YCO-DAL SN eDALEY)
ACOSZYCOeDAISO)D
MRIVE (6.10086)
1006 FORMAD (' 900000000800 000000t it it teuidttto ettt sdietesodondoniee
1008000 0000000t e d it e W00 iRl eeRdedddediet )
WRITL (e, 1000
1COT FORMATL (* » s
1* ")
NRITE (600040 AHXSGATTDGCALE2 ) qUACT DX ouX 2] DALS2)
1004 FORMATY (* o NHXSZ-* 10, ’ ATID="F5.1,"* NOPZ*F 4ol pEp=e
1FTads* CRANZ*LINGT," IRZ*F1.3," S5:2°'rS5.2, )
WRITE (610080 DACIO Y DAIES ) oYCOJDALISDY ACDS
1008 PORMAT (° v YC-"EY1lan,! YO-"Lllen," YEOZ*"Ehlan,® ACCL ="
1IC11e0," ACCS=*"L 1 )an," LA |
ERITE (6,1007)
NRITE (64,1008
ZUINOU ) CACOS
IF INOB L Q.10 GO TO 110
IF QZINOWI=2INOR=-1)0) 110,010,111
11D GO 10 (11240134015 09990 K4
112 g2 INCBR=1)
IF €1.6Q.10 GO 10 00
IF i) )eltawwtl=10) GO 10 100

K?z2
ALIDEDYITEL=10 =10
GO0 Y0 ! 1a

113 ALTDCALTD-1.0
1F (ALIDCT0ITE1=20) GO 10 1w

KZ-3%
ALTD-DITEL=10e),0
60 70 114

115 ALTDZAL TN )0
IF CALID.LT.OITC10 ) GO T0 114

KZ:-8a
ALTD-DIT(Le2)
GO 10 114

110 CONTINUL

100 CONTINUL

f99 ST10P
END
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ORIGINAL PAG!
OF POOR QUALIIY

C BURRBUTERE BIRRET BB DR s st o —— i M iaoniloaanisd

17

DIMENSION XUT) DACID)

COMMON POEGALTD AKAGAKRLGALPHA JAMURGAYURG AMURL 4C 1402 4CY4Chy

JCS o€ aC T oCBoC9C 100 110 Cla ol oCINGC1S,Clb4CAT CIR,CLlO,C2N,

2C214C22 JC234COPRQCOSEMCOSFN COSHE oCOST0 (CPALCPRL (CTPFA,DIC,
SOMICHQEREANGEFFPL QLY Pl CRGFERC of THR JHYR R OUNT LOD P2 PR PRA,

APRRL JOF JCPRAFATA G MHOASPHUR GRTATAGSTICMAGSLF o TRTICISIICB,TED, i
STINKBQURF QTIPERICLS Do VADF oul TC o XD X W X7 oHb 4PLRSS 1

INTEGER X2
DACIDZDRC)OXD
VAMAXZ]120.

XIMINZDACGSIODALER I/ (76U oRHOASDA L2 bOVAMAX)
GAMINZIDRAIOTISDALGE) /DAL ORHOA ) e DACTOT )05 — -

XKIMAXZDALASIDANL2 M/ AGAMINSDALZ))
DACEED ZXIMIN
DALGESI=XIMAX

VAZGAMINZIRHOA® 60040
IF IVA=5.) 16,1717
XU1IZXIMAXYDALGLI)YZDALED)

X€212108.

X2:2

BRITE (6e15) XI1)oGAMIN XIMIN S XIMAX
FORMAT (&4E15.77)

GO Y0 13

X2z}

RETURN

END

g g

a—

-

o g ol

o 31



SUBROUT INE OPIIM (X, L0 0)

DIMENSTON xt30e B0 3D VISl SALYD, DUEXY . HIGY, ML),
IPHIR) , Ble bty DX(BY, VVIbet), LINTIY), DALTM)

COoVMQON lCP.lllO.llA.llht.lLPNl.IHHI.I'URG.IHUPL.l|.C2.C!o(ﬂ.
lC&.(&.C?.(S.('ﬁ.CIﬂ.(' ll.(.l..Cll .c Is .C lﬂ.Clo.cl!,(lﬂ.rl”.(‘.’L‘,
QC21 o022 oCO34COPB oCOSLY oCOMINGCOSPUN COSTC oCPALIPPL oCTPLA DG,
SOTVEMERE ANGEFFPE QP PP (R GFENC oF THRgHYR GKOUNT 4OD P2 4P AL o PRA,
APRRL GO (CUD JRFATA RHOA FHUR FTATA GSTOMAGSLE STATLIULIS) L ICRLTLD,
STINYUGINE G IPERIELS o VADF oul TC o XD X Wa k7 Mt JFPERSS )

INTEGER CoP PR RoxZ

REAL LC

[ | . . . = = ==t S e e
P2

Low

LoopY:-2%0

PRZLOOPY

NDZ)

NDATACZTO e e S R R PR s, e =T

NSTEPZD

WRITL (6,013)
D13 FORMAT (/" sevee SUBRCUTINE OPTIM DATA desen®)

50 [ Apz=pPe~}
Loop:z0 . == —FRE s S - R EE e
ISzl
INITZD
KOUNTZO
TERMID .
DELY=100L~10
F1:=0.0 . - == S
NPARZNDATR
NZoL
DO N K=|,lL
B0 ALIKDZICHIXGDAGNGNPARGE I=LULIXGDAJNGNPARGR D) 001
DO &0 121,P
00 60 Jz),P : - — B W S
VIl J1z0.0
IF (1-J) 60461460
61 VIl ,J0z1.0
60 CONYINUE
DO 6% KKZ1,P
EINVIKK)ICE(RN) . = S =
65 CONTINUL

1000 00 70 J=1,P



26

IF O INSTIPLEQLD) ELJ)ZEINTLYY
SAIJ) =20
TC DtJIZ0.0
FRESTICH )
8D 121
IF CINIT.FQ.0D) GO 10 120 = R e N g
90 DO 11N KZ],P
U XIxyzxtrpef(llevil &)
I¥ (xtR)GCTale) GO 10 501
WRIVE (6,020 Aol gl (Il eVilgK)gXiIn)
$02 FORMAY (°* NXZ°]3,* 1=°13,3715.7)
SN) CoNTINUL
DO Sp KZ1,L
LYARTE W N

120 FRZFAXY DANNPAR)
Flomel )
IF (156 .L0.0) FOZF = P - e e e
| R
IF CAFPSIFRESTI=FLD=-DELY) 122,122,125
122 TERMZ1 .0
GO T0 45%D
125 CONTINUE

J=1

IJU IC;(I(l.{ll.".\Pll‘,Jl
LCCOIX DR NJNPAR o)
UCZCHIUX JDAJNJNPAR G J)
1F (xCettoLC) GO V0 w20
IF EXCoGEUC) GO TO 420
1F (FleL1.F00) GO 10 470
IF IXCal TLCeALCIN) GO TO 14O
IF IXCoaGlauC=AL LY ) GO Y0 JWp
HEJIZFD
Go 10 210
180 CCNTINUE
BuzALLU)
1 IXColl sLCoORGUC LEXC)Y GO TO )80
IF QLCaLl1oXCoaANDXCoalTalCeliwWd) G(C TO 160
IF CUC-BueblVeXCoANDSXCoLToUCY) GO TO 170
PHEJ)IZ) 0
GO 10 210
150 PHEJDZ0LD
GO 10 190
160 PW=(LCePi-XC)/BW
GO 10 )80
170 P IXC-UC*BW) /0w
1IB0 PHIJIZ 1.0 - 1. (3P Wy DoPU PR~ DePuePWery
190 FI-MUJ) g l=HIJVIePHLJ)
210 CONTINUE
IF (J.EQ.L) GO TO 220
JoJded
GO T0 130
220 INl112}
IF (Fl.L1.F0) GO YO 420
DEIN=DCT oL (L) @ 18

\ > AL .
‘“{“‘1‘.?“ AL E.- Al %
OF \?0(\“ { -
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nel

230
280

250

265

260

280

. D0 310 C=1,P

3o

130
320
390

350

4o

420

430

440

450

217

AL PAGE IS
Lo POUR QUALITY

Cerrt.nertl
foz*)

IF (SAC]D.GELY.%) SALTIZ)LO

DO 242 JJz) P

IF (5A0JJ)a0E«0e5) GO TO 4uD

CONTINUL e S -k

AXES ROTATION

DO 25N R:z]1,P

D0 25C C:1l,.P

VVIC,R)IZ0.0

DO 260 R=1,P ST
KR=R

DO 26N C=1,4P

DO 265 KZKR,P
VVIRCIZDIKIOVIK CIeVVIR,C)
BIRCIZYVIRLC)
BMAG=0D .0

DO 280 C=1,P
BMAGZOMAL*B (] ,C1eB (] ,C)
CONTIMUE
BMAGZSQRT(BMAG)
BX(1):=8%a0

VIL,CIZRIL,CH/BMAG
DO 390 R:2,P
IRzR~]

DO 390 C=1.P
SUMVMZ0.0

DO 320 KKkz)elR.

SUMAV=0.0

DO 330 KJ=1,P
SUMAVISUMAVEVVIR K JIAVIKK, KJ)
SUMYMZ S UMAYVEY KK oC e SUMYM
BUIRGCIZVVIRCI=-SUMVM

DO 340 F=2,P S
BEMAGZD L0

DD 350 Kzl,.pP
BRMAGTBHMAGIRIR (K1 OR LR ,4K)
BOAMACZSORTIREMAG)

00 340 C=1,P
VIRGCIZEIR,CI/BEMACL g ey et e P o
LOOPZLOOF+)

LAPZLAP«]

IF (LAPLLC.PR)Y GO TO0 450

GO0 10 1000

IF CINITLEQLD) GO TO 450
DO 430 1XxZ1,.P

XOIx ox(Ixp=CCldovil q1X)
ECI1=-0,52E1(1)

GO0 10 220

CONTINUE

IF t1.£Q.FP) GO 10 B8O — s et
I=1+1

GO TO0 90

WRITL (6,003)




IR OF Tt

llﬂ! FORMAL ] f.?‘.""".tvl.“..h.l' .IN('ION.I:I.ﬁl"‘"ﬂl‘nh‘l\&."l.
FIGMLATL VAL PROGRESS)
LARL (O D0 LOOR b D gPMAL JHNMAL

0NN FORMAT (1NglSe 3L 20 1)
ERIN T6,018) KLJNDY

D18 FORMAT & JPXGVTMNUMALE OF FUNCTION EVALUATIONS = 18]}
wR1In (6:00%)

0O0% PORMAY @ SNGIUHVALULES OF X AT THIS STaGL)
PRINT CURKENT VALULS OF X
Wi (LI06) UMy XEUM), JMZ],P)

006G FORmAY JANHEIHN f o L otinn) LS ETITLLER
LAP D
IF GINDT.EQ.0) GO 10 &ID
IF (VERMLIQL1.D) GO 10 B0
IF (L00P 6L LL00PYY GO TO &8O
GO T 1000

4T0 WRI1TE (el

BT PORMAT (/774N gBIHTHE STAKTING POINT MUST NOYT VIOLATL THL CONSTPAL
INTS,. IV APPLARS TO MAVE LONL SO0.)

P00 CONTINUL
WRITE (60019

D19 FORKMAT (/7* #veee OPTIMUM LESTOGN SPECIFICATIONS eeven®y/)
BRITE (60050 DACS)YUAIU) DALY DAEBIOALD)
NRIVE (64016) DAIRDDAINIDALIDY DALY DALY
WRITL (6 U172 CALL I DACIND QDAY LOALLIEY QUALT Y
WRITE (6 DIARY DACIBY JDALLIY) JDACIO) DALY LAY
WRITE (6,0200 DAL S) JDAG2NDDALTS) DALSHY DALY
WRITE (6D 1) DALILY qDALSY Y QUALIOY QDALY DALY
WRITL (6,020 DACSS) J0AL L) DACSTY JDALRB) JOAL V)
MERITE (6,023) DATQUY qDPACUNSQDALUY DATGER) JDATON)
RRITE (6,024)0 UDAGUS) JUACUG ) QUALU Y JUNTUB)Y JUALGY )
WRITE (6:02%) DALS 1) qDALS4) qDALSY)

ND1S 1T ORMAL (¢ VAZ*'L10.3," LPS='L1043," A%t Jual,® DEP=L 125,
1* AFR-*L 4. 1)

016 FORMAL ' ALI=*12.%,° AMZ L1250 ATURZ®LJGTe® UZ'T12:5%,
3 PFEN=)2.%)

U1 7 FORMAD (° GAS"E1 25" ULMZ'E12.%¢" VRIZ'L12:%' RIAZ'[12.5,
| RERZ"[12:5)

OB LOKRMAD €° WA-"LlNe74" WRZLDQ4Te" VYAODZ*C12:%:° DELYAZ*[12.5,
B ALNIDZ'E10e5%)

020 F0RMAD £ DLLPAZ"E 2% HPAZ'L 145" DELPR-UE]2.4," HPR=®
l":a"'. \."J-.l l“o"

021 FORMAL £* QOZCEL4.7," LFFP=Z'(12.5," OWHXZ*E12:%,° OpMx:-
IE 2.5 ([F22%E)2.%1

022 FORMATD * AAZ2=L)2.0," COPZ"[12:5%," OCOP="12.4%," NCOMP = *
ll‘t'-‘i.. CRPZ*L12.%)

023 FORMAY 1* QRC="L1Z2:.5," AMPZ*[12.5,:" ANCZ*L12.4%," WhUNP
IE12:%,° WEXPZ'L 12.%)

C24 FORMAY ¢° KI=*E A2 %,"* YEI='L12:5," YE2-L)2:5,4° YC3:-»
lll?-'\.. \'l". .f I-'..vl

02% FORMAT (* ALPC="E 1) 4,° ACPC-'L10ab,* DALSHIZ*ERdL 070

47 % Bt TURN
LND
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“0l

a0

FUNCTION 1T UIx DA N NPAR)

DIMENSTON NIND, DAINVAR)

COMMON ACHQATTID AN A ASKL JALPHAGAMUAAPURL AMURE oC 1 eCl oC Y oll
‘(.‘.rbol-ro‘ﬂ.(q'rli’cf'l.“-"fl‘.('.“.l |.'.lll'.(l'.(l“.("".i':“'
SO Ca0 qC234COPRN COSEMCULID QCCSPN QCOSIC CPALCPRLLCTIPLALDIQ S
SOTV Gt FRANGEIFPU LY Pl CRoPERC of IMRQHEYR R OUNT QUD GV AL PRA,
APREL GO qUNB GKPATA GhHOA GRHOK GRTATAGSTOMAGSLE GTATNENS) L ICR T,
STINNHGIRE QIVERIUES Do VADE oul TE XD XN W X2 oMb ot RSS20
GRAR il

1P Xt detilallad GO 10 500

WRIVE (601 XU}

FORMAT (L 1%. 1)

CONTINUE

IRZXID)

EYEP Clel eIR

COP-CleCuniRe(bolRel R

ocor_trEpeConr

gBR=Ct 70COP

QRP (Ll e-LIFP)OCR

HE.CheC 19IRe(HelRe IR

HE SCSeC 10l ReC I ke IN

AMPEQURP (MG =HID

AMEZQE ZEHe=HE )

WRCAMP e AM(

ORJZLN ] 70CCPY0Q1L

RCOMPZQLZC0P

QRC=QORI=-LNP

PIZEXPLCIDoCIZ IR B0, D)

NPUCAMPRIP =Pl usu /AURNOKOL PO T IR )

NPUEN WU S P RE -4

NPUMP wPUS S 9T -4

WEXP RO OME el

SVRL-CLBeC9eIRe( 200 TKS IR

SVRGEC2 L e( 20 IR 0 IROTIR

GRYIZDACES IR /DAL

GMZD heLR)

GAZGRYIZGRAR

VAIGAZ L P00 RHOAD

REAZDLO®LAZAMUA

STPR-CluepL Ave( 1S

FAIR-Clnoanp Awo( L)

HAZCPAR ARSI PR/PRADe D 00 )

AMESQR Y LS o*HAZLTRE #F THK D)
EFFSTANKHECAMOSLE D Z 0 AMeSLY )

EF2-1e-RIEAVARIYa~EKF )

AAD DALBU I SQRTISVRGZSVRL)

HR-AA (Mo, 9

U/t aZ LV 20HADORYALA ZHik )

UTTRCS Yo7tV /URTATARLE "o A o] J/7HR)

ANTU AL PHARDALLIY2U/ESTLHARCPARLA)
EPSTlea-LXPL~2NTUY

DELYAZERSeAlL

WAZONJZUCPARLILYAY

AF KR RAZESNTLMARGLAD

ALY AV R /W

RER-QDOLMZAMURG
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L " ORIGINAL PAGE 1S
VRIZGR L OSVRGZ S600 o OF POOR QUALITY
FRICLOSG/PER*0 2
CHIN-CPRAMNA
AZaNNtteCMIN/U
VOLZAZALPHA
DEFPENVOL ZARR
TACZIP=ALTIDO(l.~EPS)
TALZUIR=ALTD
SVAY - 3. 30(TAleunD ) /PA)
REV2)UTACeut el ZLTA oL )
REVMICLUETA00IRAL )/ av b U dd(TA oD L)
PELPAZLCAZACUD Q)00 0 5 VALZLU QUML) S IGMARO2 )RSV -1 ad ek ALRYOLP
l"l.ll'!O.u'-U"ll
DELPR-2 o/ 2. 00ALT/Z0D O VRGO IGNZ3L0UD Y0020k R
HPRZDILPRIGARIEYRLZGILDO 0«50
PPEN-MHIPRZLL 5010 EF 1)
HPAZWAR (DI LPA/NHOA sVASe /L6048l o~-FERCIIIZL 2000550 4)
PFREM-HPA/EL SuloLF AN
ATURZA/ZRTIALA
ALMTID=QRUZ(USA)
NNZAFROOD .5/ W
OWHX - woaw
OLHX A RO 4HYX
X1=0R/7QPPCACH
YC1ZX1etUI%¢COSIC)
YC2ZACTPEA
YORZ(MPAWWPUNV YOCDONSEM
YCU-YAR AR ROCGSI B ZVADE
YOz UYC L oY O =t T C oY e YCU=ACP OO TS eCOSTICHYIFCR
YOZ1eB 7609 FnkeCOSPW
DAERY-VA
vALa) L PS
DALS)CA
DALKI-DLP
DALTY-AER
DACRIZALTY
DAI9)-AM
DACIDIZATILR
DACL M-
DACYD PR
DAE1I3)YZC0A
DALIGQ)CGM
DALISYoVR]Y
DACIGIC-RLA
DACITICZRLR
DACIE)CNA
DAL)9)YoWR
PAL2OQYZTACQ
DAC21YZDLLTA
OAC22)ZALMID
DALZSY-DELYA
DALY C P
DAL25)=DLLPR
DAC2GYHPR
DAL2TIZCORY
DAC2arzQ0
DACZY9)IZLIEP



nAan

100

an

DACIO)ZONHX
DAL3]) - OLKHX
DAL32)CtE?
ODACXSY-ARD
DAC3uI=ZYC
DAL3S)ZYO

DALY ZCOP
DAt37)YZ0COP
DAC3R)ZWCOMP
DALI9)ZORP
DRtLD)ZQRC
DAGUD)ZANMP

DALG2)Y ZAMC
DACG ) ZUPUNHP
DAGLG) WL XP
DAtaS ) =X
DA(uEI=YCL
DAGGTIZYC?

DAfUR)I=YC3
DAY=V (H

$e#AMRBRIENT AIR TEMPERATURL EFFECT29e

AEPC-D.

ACPC=D.

1PSSc0.

coPR=COP

DO 100 K=1,%
TRRZAITD+TATL(K])
EFFP-C)*+C291RR

COPZC TeCuUeTRR+CS5*TRROTRR
WCOMPZQEsCOP
QRPZQRJU-WCOMP-CE
QBRZORP /(1 «~FEFFP)
WHZWCOMP-LFFPeQB

IF (WMaLE.De) GO TO 100

PERWM-WM/WCOMP
TPERW-PERWM2IPLRI(K) /2]
TPSSZTPSS*TIPERY

EPC-WM*2  02RE~4oTPIRIIK IS4 .60COSPY
CPC=WM/OLACOPBeYC13F CF2TPLRY(K) /2]
AEPC-ALPCeEPC

ACPCZACPCeCPC
ACCLZAEPC+ACPC
CONTINUE
DACSDYZACCL
DAIS2)ZPEPSS-TPSS
DALS3YZALPC

DAtLS4IZACPC

DALSS)=YCeYOsACPC

F-YCeYOsACCL

KOUNTZKOUNT ]

RETURN

END ; v =



FUNCITION (X (X D/ gNgNPARGR)
DIMENSTON XINDy LAINPAR)
IF ik GELE) GO Y0 )
CX=xtw)

GO 10 &

KKK =D

GO 10 tael) kK

CXz=DAL3)

GO 10 %

CYXZDAC2 )

Ri TURN

END el i =

FUNCTION CO (X ,DANgNPARGK)
DIMENSION XIND, DANPAR)
GO TO (243444010 4K
CG=DALLED

GO0 10 9

CG=1ND,

Go 10 9

CLGZNALLG)

GO 10 9

C6=4.0

RETURN

END

FUNCTION CH (XoDANJNPARGK)
DIMENSION XINDy DAINPAR)

GO TO (2,3,4,06) 4K

CHZDALGD)

GO 10 9

CH=130a . < S .
GO T0 ¥

CHZDAtLSMIeDALLE)

GO0 10 9

CHZ13D.

RETURN

END

ORIGINAL PAGE s
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TABLE L, - OPTIMUM DESIGN SPECIFICATIONS OF DRY-COOLING

SYSTEMS FOR A SOLAR-POWERED THREF-TON

RANKINE= COMPRESSION AIR CONDITIONER

! [ Starabeat "
Philadelphia Miami
- ! 1
Heat exchanger surface A A '
Optimum 11D, ¢ 1) 1.1 20 11 @20
Number of tube banks G 7
Depth, m (ft) 0,132 (0,433 0,151 (0, 505)
Overall width, m () 0,915 (3,.0) 0, M5 (3.0
Overall lengtl, M () 0,915 (3.0 0,95 ¢i.0
Air side aren, m: (ﬂ:) 6H. 0 (T00) 76.8 (827
Frontal area, m: g[l'“') 0,84 (9.03) 0856 (9. 1D
Air flow rate, kg/hre (b hr) ~ lll'r' 0.124 (0.271)  0.113 (0.2)H)
Flow rate (Rankine), kg he (b hr) A8 (825H) A8 (825H)
Flow rate (compression), kg hr (Ib/hr) 321 (707) 321 (707)
Air velocity, m/see It/ sec) 6.6 (21.6) 5.9 (19.5)
Vapor veloeity, mosece (It see) 7.6 34.9) 6.5 (21.4)
Air pressure drop, kg mg b/ I'I::} 1006 (2. 06) 9,76 (2. 0M
Inside pressure drop, kg m:: (b l‘tg) 3205 (6TH 2529 (618)
Fan power, KW 0,785 0. 631
solar collector area, Il'i: (fl:) RIUNTER ] 59 B3H)
Incremental costs, 8/vr..
Capital 7.6 196
Operating ERM 133,0
Encrgy penalty 1.0 10,9
Capacity penalty 21.3 15.1
Total 6.5 178.6
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